There is limited information about the effects of corticosteroids on severe drug-induced liver injury (DILI). This study aimed to investigate the efficacy and safety of prednisone in severe DILI.
Introduction
Drug-induced liver injury (DILI) refers to a type of liver injury driven by various prescription or nonprescription drugs, Traditional Chinese Medicine (TCM), healthcare products, and dietary supplements. [1] It is a serious health issue worldwide that accounts for approximately 50% of acute liver failure (ALF) cases in developed countries. [2] [3] [4] Recently, DILI cases have been increasingly reported. For example, the annual incidence rates for DILI were 19.1 and 34 cases per 100,000 in Iceland and Spain, respectively. [5, 6] In China, reports about DILI cases were also increasing due to its huge population and easy access to the vast number of drugs, particularly the Chinese herbal medicines. [1] DILI may present either asymptomatically with mildly increased liver enzymes, or with severe hepatic damage requiring liver transplantation, though the majority of patients have a favorable outcome. When the serum bilirubin is elevated above 3 times the standard value, DILI may progress to ALF with increased mortality. [4] Despite its pathogenesis being not fully clarified, accumulating evidences suggest that the immune and inflammatory responses play a very important role in the development and progression of DILI. [7] It is, thus, logical to hypothesize that immunosuppression with corticosteroids may be effective in the treatment of severe DILI or drug-induced ALF. All procedures performed were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Individual written informed consent for participation in this study was obtained from all patients or their next-of-kins.
However, previous studies reported that corticosteroids were not beneficial for the treatment of patients with drug-induced ALF, and were even detrimental in patients with model for end stage liver disease (MELD) scores above 40. [8] [9] [10] [11] [12] [13] One possible explanation for this phenomenon may be that the liver damage in drug-induced ALF has been too advanced and beyond the point of salvage. Presumably, treatment with corticosteroids may be beneficial when DILI has not progressed to liver failure yet.
Therefore, we conducted this study to investigate the safety and efficacy of corticosteroids in treating patients with severe DILI that is at high risk of progression to ALF.
Patients and methods
All data were analyzed anonymously with waived individual patient consent due to the retrospective design of the study. The protocol was approved by the ethics committee of the Second Affiliated Hospital of Kunming Medical University and conformed to the Helsinki Declaration of 1975, as revised in 2008.
Patients and study design
We conducted a retrospective study of all patients with severe DILI who were treated at the Gastroenterology Department of the Second Affiliated Hospital of Kunming Medical University between January 2015 and June 2018. DILI was diagnosed according to the American College of Gastroenterology Guidelines for the diagnosis and management of drug-induced liver injury, which takes into account the patient's recent history of drug use, the relationship between suspicious drug intake and onset of liver test abnormalities, clinical presentation, biochemical tests, with or without histological examination, after excluding other forms of liver disease. [14] ALF was also diagnosed according to the American criteria that include evidence of jaundice (serum total bilirubin [TBIL] ≥171 mmol/L), coagulopathy with usually an international normalized ratio (INR) ≥1.5, and hepatic encephalopathy (any degree of mental alteration) in a patient without preexisting cirrhosis and with an illness of <26 weeks' duration. [15, 16] Severe DILI was defined as a type of DILI that is at high risk of progression to ALF, and its diagnosis is established when serum TBIL≥86 mmol/L along with normal or abnormal coagulation function, but not sufficient for the diagnosis of ALF.
Of a total of 195 consecutive patients with a diagnosis of DILI, only 90 patients were enrolled in this study. Inclusion criteria were age ≥18 years, and severe DILI. Exclusion criteria were coinfection with hepatitis B or C virus, chronic alcohol consumption, autoimmune liver disease (autoimmune hepatitis, primary biliary cholangitis, or primary sclerosing cholangitis), Wilson disease, biliary obstruction, acetaminophen toxicitiy, pregnancy, chronic heart, pulmonary or renal diseases, cirrhosis, or any known malignancy. The enrollment process of our study population is presented in Figure 1 .
Treatment and follow-up protocol
During the hospitalization period, all patients received intravenous hepatic protective and regenerative agents (i.e., reduced glutathione, polyene phosphatidylcholine, glycyrrhizin, and ademetionine). Intravenous antibiotics and blood transfusion (i.e., human serum albumin, red blood cells, platelets, and fresh frozen plasma) were administered when indicated. Most patients underwent artificial liver support by either therapeutic plasma exchange (TPE) or double plasma molecular absorption system (DPMAS) as previously described. [17] [18] [19] Other supportive and symptomatic treatments were at the discretion of the responsible physicians. Whether to administer corticosteroids was entirely decided by a patient's responsible physician. However, the specific criteria adopted by each physician to administer corticosteroids were not available. The timing, route of administration, and dosing of corticosteroids were also at the discretion of each responsible physician, and were not uniform. After being discharged, all patients received oral hepatic protective and regenerative agents (i.e., polyene phosphatidylcholine, glycyrrhizin, and silymarin). Patients were followed up on a daily basis during the hospitalization period, and every 2 to 4 weeks when discharged at the outpatient department until the time of death or at least 3 months. Clinical, laboratory, and imaging data were prospective collected on admission, at 1 week, 2 weeks, and 3 months.
Endpoints
Primary endpoint was serum TBIL<86 mmol/L. Secondary endpoints were clinical improvement, changes of alanine aminotransferase (ALT), aspatate aminotransferase (AST), total bile acids (TBA), alkaline phosphatase (ALP), and g-glutamyl transpeptidase (g-GT), side effects, and overall mortality.
Statistical analysis
Continuous data were presented as median (range) and compared by Mann-Whitney U test. Categorical data were expressed as proportions and analyzed by x 2 test or the Fisher exact test. Survival curves were plotted by the Kaplan-Meier method and analyzed by the log-rank test. Univariate and multivariate analyses were performed to evaluate the predictors of primary endpoint using the Cox-proportional hazards regression model. To avoid the problem of overfitting and collinearity, only predictors with P < .05 in the univariate analysis were evaluated in the multivariate model, and then sequentially removed to establish the final model. Group was included in all multivariate models as it was the central predictor to evaluate. Moreover, TBIL and direct bilirubin (DBIL) were not included together in multivariate analysis because TBIL was derived from summation of DBIL and indirect bilirubin. Statistical analysis was performed using SPSS 17 (Chicago, IL). A P value of <.05 was considered statistically significant.
Results

Baseline characteristics of the study population
The baseline characteristics of patients in the 2 groups were summarized in Table 1 . Overall, both groups were comparable with regard to age, gender, BMI, suspected cause of liver injury, concomitant diseases, liver function indices, pattern of liver injury, ascites, artificial liver support treatment, and hospital stay. Notably, TCM was the suspected cause of DILI in about a half of patients in the prednisone group and one-third in the control group. The median TBIL was 226.0 mmol/L in the prednisone group and 234.8 mmol/L in the control group (P = .562). The median PT was 13.7 seconds in the prednisone group and 14.0 seconds in the control group (P = .477). Hepatocellular pattern of liver injury accounted for 68.2% in the prednisone group and 58.3% in the control group (P = .543). Ascites was not detectable in 92.4% and 87.5% of patients in the prednisone and control groups, respectively (P = .245). If patients treated by prednisone were stratified into low-dose group receiving prednisone 40 mg daily and high-dose group receiving prednisone > 40 mg daily, the baseline characteristics of patients were also comparable among the 3 groups (Supplementary Table 1 , http://links.lww. com/MD/D46).
Corticosteroid dosage and timing
Overall, there were 41 patients in the prednisone group who received a daily dose of 40 mg oral prednisone, which resulted in a Table 1 Baseline characteristics of the study population. 17.5 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) .873 ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, BMI = body mass index, Cr = creatinine, DBIL = direct bilirubin, DPMAS = double plasma molecular absorption system, GGT = gamma glutamyltransferase, INR = international normalized ratio, PT = prothrombin time, TBIL = total bilirubin, TCM = Traditional Chinese Medicine, TPE = therapeutic plasma exchange. 
Effect of prednisone on severity reduction and its predictors
Since the definition of severe DILI by TBIL is set at the threshold of 5 times the upper limit of normal (ULN), we arbitrarily define the primary endpoint of our study as TBIL< 86 mmol/L (i.e., 5ULN). During the study, the cumulative rates of patients who reached the primary endpoint (i.e., severity reduction) at 4 days, 8 days, and 12 days were not different between the 2 group (prednisone group versus control group: 7.6%, 33.3%, and 60.6% versus 12.5%, 37.5%, and 66.7%, P = .331; Fig. 2A) . However, when patients treated by prednisone were stratified into low-dose group receiving prednisone 40 mg daily and high-dose group receiving prednisone > 40 mg daily, the cumulative rates of patients who achieved severity reduction (i.e., primary endpoint) at 4 days, 8 days, and 12 days in the highdose group were markedly lower than that in the low-dose group (0%, 28.6%, and 35.7% versus 9.6%, 34.6%, and 67.3%, P = .012; Fig. 2B ) and the control group (0%, 28.6%, and 35.7% versus 12.5%, 37.5%, and 66.7%, P = .023; Fig. 2B ), which were not different between the low-dose group and the control group (9.6%, 34.6%, and 67.3% versus 12.5%, 37.5%, and 66.7%, P = .816; Fig. 2B ). In univariate analysis, group, prednisone dose, hyperlipidemia, baseline albumin, TBIL, and DBIL were significantly associated with the development of severity reduction (Table 2) . In multivariate analysis, only baseline TBIL (hazard ratio[HR]: 0.995, 95% confidence interval [CI]: 0.992-0.998, P = .000) remained significantly associated with the occurrence of severity reduction (Table 2) .
Effect of prednisone on clinical improvement and overall mortality
All patients had clinical improvement in fatigue, appetite, nausea, vomiting, greasy food sickness, and jaundice after 4 to 12 days of treatment, except 2 patients in the control group who experienced no clinical improvement and succumbed to ALF eventually on the Figure 2 . A, Cumulative rates (%) of reduction from severe DILI to moderate DILI in patients treated with and without prednisone (P = .331, by log-rank test). B, Cumulative rates (%) of reduction from severe DILI to moderate DILI among the 3 groups (P = .025), between A and C groups (P = .023), between B and C groups (P = .012), and between A and B groups (P = .816) (by log-rank test).
Table 2
Univariate and multivariate analyses of the baseline factors predictive of severity reduction. 17th and 24th day, respectively. Thus, the cumulative rate of 30-day overall survival was markedly higher in the prednisone group than in the control group (100% versus 91.7%, P = .018; Fig. 3A ). When the prednisone group was again divided into lowdose and high-dose groups, the cumulative rate of 30-day overall survival was significantly lower in the control group than in the low-dose group (91.7% versus 100%, P = .035; Fig. 3B ), but was similar to the high-dose group (91.7% versus 100%, P = .275; Fig. 3B ). Due to limited cases of death, we did not evaluate the predictors of mortality.
Effect of prednisone on changes of liver function indices
During the study period, ALT, ALP, TBIL, and prothrombin time (PT) were gradually decreased, which though were not significantly different between the 2 groups (Fig. 4) . Similarly, other liver function indices were also improved to comparable degrees at various time points, except ALT at the 12th day, g-GT at the 4th and 8th days, and PT at the 3rd month in the control group were markedly lower than in the prednisone group (Supplementary Table 2 , http://links.lww.com/MD/D46).
Adverse event
Overall, prednisone was well tolerated in the prednisone group. Infection occurred in 12 patients in the prednisone group and 3 in the control group (12/66 versus 3/24, P = .522). No other severe adverse events were recorded.
Discussion
In the present study, we clearly demonstrated that prednisone treatment was not associated with improved 4-, 8-, and 12-day cumulative rates of achieving severity reduction from severe DILI to moderate or mild DILI compared to the control group ( Fig. 2A) . Similarly, prednisone treatment failed to improve at various time points other liver function indices, some of which (ALT, g-GT, and PT) were even worse than the control group at some time points (supplementary Table 2 , http://links.lww.com/ MD/D46). Despite the prednisone treatment resulted in statistically improved 30-day cumulative rate of overall survival, there were only 2 death cases in the control group and none in the prednisone group, which is too limited to make a definitive conclusion. Moreover, when the prednisone group was divided into 2 subgroups, the subgroup analyses even showed that prednisone when given at high dose (>40 mg/d) was associated with lower rates of achieving severity reduction than the control group or the low-dose group (Fig. 2B) . Patients with severe DILI are at risk of progression to ALF, presenting at the earliest stage with INR>1.5, development of ascites, or hepatic encephalopathy. [20] The therapeutic algorithm for severe DILI is poorly defined except for discontinuation of the culprit agents, supportive and symptomatic treatment, and close monitoring. For the treatment of ALF, the use of corticosteroids remains controversial. One recent study reported that corticosteroids improved the prognosis of ALF patients with the highest response rates observed in those with lower MELD scores and coma grades but with extremely high ALT levels, [21] whereas numerous other studies showed that corticosteroids were not effective in improving the prognosis of patients with ALF. [8] [9] [10] [11] [12] [13] The discrepant results may be related to the following factors: the diagnostic criteria for ALF are not uniform in the these studies, which may cause heterogeneity in patient selection, and the condition of some patients may be too severe to allow for rescue with corticosteroid therapy; the causes of ALF are not identical in the these studies, some of which may be unresponsive to corticosteroid therapy; the timing and dose of corticosteroid intervention was different in these studies. Because corticosteroids have limited effect on hepatic regenerative capability over a Figure 3 . A, Cumulative rate (%) of overall survival between patients treated with and without prednisone (P = .018, by log-rank test). B, Cumulative rates (%) of overall survival among the 3 groups (P = .060), between A and C groups (P = .257) and between A and B groups (P = .035) (by log-rank test).
Wan et al. Medicine (2019) 98:26 www.md-journal.com short period of time, different timing and dose of corticosteroid intervention may lead to varied outcomes. [13] In the present study, we chose to examine the effects of corticosteroids on patients with severe DILI that had identical cause of liver injury (exclusive of other causes of liver injury), less severe liver disease, and earlier corticosteroid intervention compared to ALF. However, our study still failed to demonstrate the benefit of corticosteroid therapy, which is in agreement with the previous studies [8] [9] [10] [11] [12] [13] and contradicts with our previous hypothesis. Moreover, both the univariate and multivariate analyses further illustrated that prednisone treatment was not associated with severity reduction in our study. One possible explanation for lack of benefit with corticosteroid therapy for patients with severe DILI may be that the pathogenesis of severe DILI or ALF is very complicated, involving a complex interaction between chemical properties of the drug, environmental, genetic, immune, and other host factors, [22] which cannot be simplified into immune and inflammatory responses that are responsive to corticosteroid therapy. And other facets of its pathogenesis may possibly be unresponsive to corticosteroids, and DILI cased by different culprit agents may have a different pathogenesis. This is true in autoimmune ALF, in which patients with more chronic presentations have been shown to be more responsive to corticosteroids than patients with acute presentations. Histologically, centrilobular necro-inflammatory feature, a feature of severe and therapy-refractory autoimmune hepatitis, and acute cellular rejection in transplant recipients, were more frequently seen in patients with acute presentations of autoimmune ALF than those with classical autoimmune hepatitis. [8, 23, 24] Another possible explanation for lack of benefit with corticosteroid Medicine therapy in severe DILI may be that corticosteroid dose and duration in the present study is not sufficient to achieve potential benefits or that corticosteroids may achieve the potential benefits when used in combination with other agents. Indeed, a previous study reported that combined therapy using prednisone in high doses (2-20 mg/kg/d) with ursodesoxycholic acid was effective in the treatment of DILI, in which the bilirubin and transaminase levels decreased to below half of the peak values within 2 weeks and normalized in 4 to 8 weeks after receiving combined therapy. [25] Nonetheless, in our study, subgroup analysis revealed that high-dose group (prednisone>40 mg/d) was associated with markedly lower rates of severity reduction when compared to the low-dose group (prednisone40 mg/d) or the control group, which suggested that prednisone when given at high dose might be detrimental in patients with severe DILI (Fig. 2B) . Because prednisone is a prodrug that is biologically active only after being converted to prednisolone by the liver, a third possible explanation for lack of benefit may be that patients with severe DILI or ALF were unable to convert prednisone into prednisolone due to severely impaired liver function, thus it is not effective in this cohort of patients.
The prognosis of DILI is generally favorable. In the majority, clinical improvement is observed after drug cessation, although liver injury may worsen for up to a few weeks in some patients. [25, 26] DILI is rarely associated with mortality. [4, 27] In line with these studies, [4, 27] there were only 2 death cases (2.2%) in our study. As for the effect of corticosteroid therapy on the prognosis of patients with severe DILI, data are very limited due to its low mortality rate. In our study, the 30-day overall survival rate in the prednisone group was shown to be statistically higher than in the control group. However, the death cases were too limited to draw any meaningful conclusion, and a larger study may give a different result.
It is generally concerned that corticosteroid therapy may be associated with increased risk of infectious and gastrointestinal bleeding complications. In our study, the rates of infection were not significantly different between the 2 groups, which is in agreement with the previous study. [8] No patient had gastrointestinal bleeding. Other side effects such as disturbed control of blood glucose and blood pressure were not common despite daily measurements, which is probably related to the low enrollment rate of patients with hypertension or diabetes mellitus (Table 1) .
Our study had several limits: first, it is a retrospective study and the use of prednisone was neither randomized nor standardized. Thus, the dose and duration was not uniform, which might bias or confound our results. However, we performed subgroup analyses which still indicated that prednisone therapy was not beneficial in increasing the rate of severity reduction, and highdose group (>40 mg/d) might even be associated with worse results than the control group or the low-dose group. Second, the sample size is small, and follow-up duration is relatively short. However, because all survived patients had completely or markedly improved liver function at 3 months, follow-up beyond 3 months will not impact our results. Third, we failed to measure the serum level of prednisolone, the bioactive form of prednisolone, in all patients; therefore, we cannot provide evidence to clarify the third possible explanation for lack of benefit, which warrants future investigations.
In conclusion, our study demonstrates no benefit of prednisone therapy for patients with severe DILI, though its safety is favorable.
